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Simple energy balance
climate models

SW LW

Simplest models in which the interactions between
radiation and dynamic heat transport can be considered.

Assumptions are made below:

One-dimensional, only latitude dependences are considered;

Atmosphere
Global energy budgets are assumed to be expressed in Tsur; P

Only annual mean conditions are considered;

T (1) =R

C———= = solar radiation — infrared cooling

ot

—divergence of heat flux

x = sin ¢, where ¢ is latitude.

Surface

8T(x,t) _ Ftop _ 1 8

¢ ot rad  9mrq2 %f(a:)
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0T (x,t
(z,1) =  solar radiation — infrared cooling SW LW

—divergence of heat flux

x = sin ¢, where ¢ is latitude.

Atmosphere
solar radiation = Qs(x)A(T)

s(x) — latitudinal distribution of SW, whose integral from AL pES

the equator to pole is unity

Cang’ ) = Qs(x)A(T) - I(T) + F(T)

In equilibrium,

Qs(x)A(T) — I(T)+ F(T) =0

Surface

BRI KiF 8
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In equilibrium, SW LW
Qs(x)A(T) — I(T)+ F(T) =0

The snow line case:
_ Atmosphere
Made assumptions below:

Planetary albedo is assumed to depend primarily on

snow /ice cover; P TRES

Surf
A(T) = «, forT < Tspow —

or = B3, forT > Tsnow
IIRHm: KE 9
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In equilibrium, SW LW
Qs(x)A(T) — I(T)+ F(T) =0

The snow line case:
_ Atmosphere
Made assumptions below:

Planetary albedo is assumed to depend primarily on
snow /ice cover;

The infrared cooling I = A+ BT

PALIpeS

Surf
A(T)= «, forT < Tsnow —

or = B3, forT > Tsnow
IIRHm: kE 10



Simple energy balance
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In equilibrium, SW LW
Qs(x)A(T) — I(T)+ F(T) =0

The snow line case:

_ Atmosphere
Made assumptions below:

Planetary albedo is assumed to depend primarily on
snow /ice cover;
The infrared cooling I = A + BT

The primary feature of the heat transport is that it carries
heat from warmer to colder regions. F(T) = C(T — T)

‘\\\ <
A(T) = «, forT < Tspow

Note: F(T) is the
or = [, forT > Tg0u divergence of heat flux

RiRZUm: aKiE 11
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Simple energy balance
climate models

In equilibrium, SW LW
Qs(x)A(T) — I(T)+ F(T) =0

One-dimensional, only latitude dependences are
considered;

_ Atmosphere
Global energy budgets are assumed to be expressed in

Tsur;

Planetary albedo is assumed to depend primarily on
snhow /ice cover;

PALIpeS

Only annual mean conditions are considered;

The primary feature of the heat transport is that it carries
heat from warmer to colder regions.

o o Surface
Budyko, M.I. (1969). The effect of solar radiation variations

on the climate of the earth. Tellus 21, 611-619.
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In equilibrium,

Qs(x)A(T) — I(T)+ F(T) =0

The snow line case: infrared cooling I = A + BT

F(T)=C(T-T)

Assume: A(T) = o= 047 for T' < T snow
— 6 — ()77 for T > Tsnow
— atp for T' = Tsnow

Tsnow = —10°C
s(x) =1—0.241(3z% — 1)
A=2111Wm 2, and B =155 Wm ™ 2(°C)~!

SW LW

Atmosphere

PALIpeS

Surface

RiRZUM: skiF 13
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In equilibrium, 4 o SW LW

- Qs(2)A(T) - I(T) + F(T) =0 ]

1/Q

Radiation balance

+a

= (8- a)(1.241z, — 0.2412

RiRZUM: skiF 14
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SW LW

Atmosphere

Determine C using current climate: WAL ThES

C
I(zs) = 1(0.95) = I(Tspow), get the value of =

Then
(1+ $)(A+ BTsnow)

%f/Q#—s(xS)O‘TJFB

Surface

Q(xs) —

RIRZUM: skiF 19
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The snow line case: SW LW

(1+ 5)(A + BTsnow)

Q(xs) — =
C
51/Q + s(xs) %5
The denominator: Atmosphere
_a+p C
den = 7 X 1.241 —I—ozE

88— a) x 1.2412, o

B
_OEB 079322

C
—E(ﬂ —a) x 0.24123

Surface

RIRZM: oK+ 16
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The snow line case: e
den :ﬂ
(1 + 5)(A+ BTsnow)
Qxs) = cr atpf
EI/Q‘I_S(ZES)T '
If C=0, no heat flux, radiative equilibrium, then as xs C ——— ;
increases, den. decreases, Q increases. _E(B — o) x 0.2412;

APR%EST R, 7KE Ll mMmREE)

If C is nonzero,

RiRZUm: ki 17
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The snow line case:

(14 £)(A+ BTsnow)
CI/Q + s(ws) L2

Q(ajs) —

If C is nonzero, .

09

The destabilizing effect z:
of heat transport 06 ;
x” 0.5+ !
There is a minimum value 0.4F
of Q, below which the 0.3

climate will unstably bihstable

proceed to a snowl/ice 0.1
covered earth. 85 '

1.05 1.1
Qc/Qo 1 Q,
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1_

The snow line case: 0.8

(1 + %)(A+BTsnow) o

R RS

If C is nonzero,

1 —
0.9~
0.8~

The destabilizing effect

0.7

of heat transport 06
x” 0.5
There is a minimum value 0.4}
of Q, below which the 0.3
climate will unstably b
proceed to a snowl/ice 0.1 ,
covered earth. 8o '

| | |
1 1.05 1.1
Qc/Qo Q/Q,
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Question 1 [edk | adtecorms

SAATRD (TOAl |, ESERETHNNAT. AMHAMBEMSREMIRE Q = Q, - siz), 8(z) = 5,- Bo(z) + 50+ Piz). Hk,
|

Lojz) = 1, Rilz) = Eiaz’ —1), 8o = 1,82 = 0473, 1 = sind o MsE.

AXRERTENNES S ARWER], (TRREFNe, ZERTIARENERNRC
1L AEHEERFROELF, KUAS¥NOSEERNEr 2T ARY?
2 B O RRIRE ACUREY M2 2R B A S AR
SMSTAMENITEIAEEEENLR, 1R 2) EXNRSSTENNAFEET

Question 2 [ et ecit source

ER-ED, 2N TR oNCEFRERE (Smpe Energy Salance Climate Modell , HEREFITE T TEXRENRE T, “RANH
REEE, ARANTHILBNST STLERFRARDDNRENIL, NEMEFCIEMETY RS ESRRANTRE, VRS
ehgar, AA — 21L1W 'md, B — LEOW /(n*° Q). Qu — 340W 'm®, Lhun — LFC, a(z) — 1 0.241(32° 1) #EHESD:

a 1 Tunrﬂ

A(T. = _g T :" z;m-p-
‘ a—3

T T = ruaw-

RITRMEELY r 3R, #ifo = 043, Wilk:
1. RTEHSETHATTFR, HTARNQINRSS SUIE3 ™
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3 W HEETRQ(x, ).
1 ASERBAENe = 04 @ = 0.7TMMAHILER GRSMMR RO (2, ) NERaED 8L | TRLARNRNERE, ARETRaTE
FoAPRRESRETIRLE. BHREHASRERoTA?
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